Objective: Our aims were to estimate 1) the costs of hospital treatment and 2) the value of lost production due to early death associated with overweight and obese patients, and then to extrapolate the findings to national costs.
Introduction
Obesity is a well-known risk factor for increased morbidity and premature mortality [1] [2] [3] [4] . The World Health Organization (WHO) uses the body mass index (BMI) as a criterion for defining obesity. This index is calculated as the ratio between a person's weight in kilogram and the person's length in meter squared (kg/m 2 ). When this ratio is greater than 30 a person is defined to be obese and when the ratio takes a value between 25 and 30 kg, a person is defined to be overweight. Normal weight is defined for persons with BMI 18.5-25 and subjects with BMI < 18.5 as underweight [5] . In this study we will analyze hospitalization for subjects with BMI > 18.5 only.
Numerous observational studies from many populations, both in men and women, have found obesity to be associated with cardiovascular diseases, type 2 diabetes, and some forms of cancer, e.g., breast cancer and endometrial cancer of corpus uteri [6] [7] [8] [9] . As a consequence of the association between obesity and increased morbidity, longer hospital stays, and greater risk for complications following medical intervention, obesity is also associated with increased costs of treatment [10] [11] [12] [13] [14] [15] [16] .
In the literature there are a few studies that have reported on the association between BMI and health-care costs [17] [18] [19] . All these studies provide estimates of the cost of illness (COI) attributed to obesity at one point in time using the prevalence approach. The estimates are based on calculations of the total annual expenditure of a particular disease, e.g., type 2 diabetes multiplied by an obesityetiological fraction that measures the impact of obesity as a risk factor for type 2 diabetes. Nevertheless, COI estimates based on the prevalence approach are not very useful for guiding decisions on prevention because the time dimension of the illness development is not considered. To provide information for decisions on prevention, the economic analysis needs to account for the time between the investments in preventing efforts and the benefits in reduced treatment costs, i.e., the time dimension. Cohort studies using the incidence approach can provide such observational information [20] .
In this study we will seek to provide further evidence of the association between obesity and treatment costs. In particular we seek to address two specific questions: 1) are the hospital treatment costs for obese and overweight patients higher than for normal-weight patients, and if so, how much does this higher cost imply for the national Swedish health-care budget; and 2) are there any differences in life expectancy between obese and overweight patients from normal weight patients, and if so, how much is the associated costs for lost production?
Subjects and Methods

Subjects
To answer the two questions posed, we used hospital data from medical records for middle-aged subjects of both sexes, recruited from the Malmö Prevention Project (MPP). All subjects in MPP were originally recruited from Malmö city, Sweden. Between 1974 and 1984, a total of 22,444 men born between 1921 and 1949 (age range 35-51 years) and 10,533 corresponding women, constituting 70-75% of the total population in these birth cohorts (85% born in Sweden, 99% white), took part in the MPP. The project was carried out at the Department of Medicine, Malmö University Hospital, in southern Sweden. The aim of MPP was to screen the local population for cardiovascular risk factors and alcohol overconsumption. The subjects had a mean follow-up of 17 years (range 0-24 years). We have limited this study to the first 15 years of follow-up, because the proportion of patients lost to follow-up gradually accelerates beyond 15 years. A total of 23,365 subjects (70%) had a follow-up period of at least 15 years. Followup data were derived from register linkage analyses, covering a time period with expansion of the healthcare sector and medical treatment modalities. Nevertheless, due to financial restrictions in health care in general, the mean number of days of each episode of hospitalization has gradually decreased for most common diagnostic categories. The loss of subjects to follow-up is related at least partly to mortality in about one-third of these subjects, as well as loss of a number of subjects that had emigrated abroad during follow-up.
Data on screening routines have previously been published as well as some follow-up analyses [21] [22] [23] [24] . In Malmö city, there is only one central university hospital for the local population (250,000 inhabitants). The patients were classified into BMI Groups using the WHO criterion. Throughout this paper, BMI refers to baseline BMI. Baseline characteristics of the subjects are presented in Table 1 .
Although the study was designed as a screening project for cardiovascular events, we believe the BMI data generated from the study can also be used to answer the two questions that we have posed for this study. This is especially so because of the Swedish system of using a 10-digit personal number for all citizens, making it possible to trace persons even if they move around and to receive in-hospital care in different cities. Not many countries have the same administrative system and therefore we believe a study on the long-term economic consequences of obesity is suitable to do in Sweden. To answer the questions that we have posed for this study we will estimate the following equation:
where H Aggregated = number of days in hospital over the follow-up time, which depends on age, sex and baseline BMI group, i.e., normal weight, overweight, and obese. The cost of hospital treatment we subsequently estimate by multiplying H Aggregated with an average cost per day of care in hospital. We use administrative prices for the costs of 24 hour hospital stay at the general medical ward and the psychiatric ward from Malmö City University Hospital. These prices were for the year 2003 SEK3899 at the medical ward and SEK3055 at the psychiatric ward. We use a weighted average cost of inpatient stay with weight two-thirds for the general medical ward and one-third for the psychiatric ward. These weights reflect roughly the pattern of admission of the screened population.
Method and statistical analysis. The observed data on hospitalization had a much skewed distribution. There was a tendency toward a pattern of either no hospitalization at all in a given year, or frequent and, in some cases, lengthy hospitalization. Therefore we tried to discriminate between two subgroups without hospitalization and with hospitalization within a given year, and analyze the hospitalization rate in the latter one.
To obtain numerical estimate of Equation 1 we use three regression equations, one for the survival time (T) (Equation 2), one for the probability (Pr) of hospitalization in a given year (Equation 3), and one for the number of days in hospital (H) given hospitalization (Equation 4), defined as follows: ln (T(D1, D2, D3, Age)) = a 1 + a 2 *D1 + a 3 *D2 + a 4 *D3 + a 5 *Age + e 1
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For Equation 2 we use an accelerated failure time model where age, two dummy variables for BMI group (D1 and D2), and one dummy variable for gender (D3) are explanatory variables, and the survival times (T) are assumed to have a Weibull distribution. This method assumes a parametric shape of the survival function, whereas nonparametric methods such as the Kaplan-Meier estimator make no such assumptions. Our approach enables the use of age as a continuous explanatory variable. The fitted parametric survival function is then used to compute the probability of survival beyond t years of follow-up time, Pr {T(D1, D2, D3, Age) > t}. In Equation 3 we do a logistic regression of the probability of nonzero number of days in hospital in a given year. Finally in Equation 4, we do a linear regression of the log number of days in hospital conditional on nonzero number of days. All these regression equations have age, BMI group, and gender as explanatory variables. The dummy variables D1, D2, and D3 is set equal to 1 for overweight, obese, and male patients, respectively, otherwise 0, and we divided the data into individual patientyears, so that each subject provided up to 15 years of observation. The log-transform in Equation 4 necessitates the use of a smearing estimator to avoid bias when using the model to predict onto the natural scale [25] .
Having obtained numerical estimates of Equations 2-4 numerical estimate of Equation 1 is derived as follows:
where s is a smearing estimate for loglinear models, which is used to adjust for transformation bias, and age in Equations 3 and 4 is substituted with age + t -1 to account for follow-up time.
We define indirect costs equal to the value of production that is lost due to death before retirement age. We define this value equal to the number of years between age at death and age 65 times the annual wage including the social costs of labor (social insurance, pension, etc.) of the deceased. We follow standard convention and assume that the wage reflect the value of production. We have assumed that all subjects in all BMI groups have an average wage equal to the national average by age and gender [26] .
Both health-care costs and indirect costs due to loss of production were estimated for a period of 15 years, in male and female subjects of ages 30-60, in each BMI group. We sum up the discounted costs over 15 years using a discount rate of 3%. The differences as compared to normal weights were estimated on a yearly basis.
We make a final aggregation of these costs by projecting the cost estimates onto the Swedish population. Each stratum in the population, defined by age (30-60), BMI group, and gender, were multi-
plied by the predicted excess cost weighted by relative prevalence within the study subjects. In this context, the normal weight subjects yield zero costs in analogy with the methods described above. The resulting estimate is therefore the estimated cost due to obesity and overweight as compared to the hypothetical situation where all are normal weight.
The R language was used for statistical analyses and graphics [27] .
Results
Survival Pattern
Our parameter estimates of Equation 2 are reported in Table 2 .
Our model for survival showed that male subjects have a higher risk of death than female subjects (P < 0.0001), and that the risk is higher in obese (P < 0.0001) as compared to normal weight subjects. No difference was detected between overweight and normal weight subjects. In addition, the model confirms the expected result that the risk of death increases with age (P < 0.0001). Predicted survival curves for 60-year-old male in each BMI group are shown in Figure 1 .
Hospitalization Rate
Parameter estimates of Equations 3 and 4 are reported in Tables 3 and 4. The logistic model, Equation 3, shows the risk on nonzero hospitalization to increase with age (OR 1.031; 95% CI 1.029-1.032 for one year older), for male as compared to female subjects (OR 1.18; CI 1.15-1.21), for obese (OR 1.52; CI 1.47-1.58) and overweight (OR 1.14; CI 1.11-1.16) as compared to normal weight. The predicted probabilities of hospitalization are shown in Figure 2 , for 50-yearold male subjects in each BMI group. Table 4 reports the parameter estimates for Equation 4 . The number of days in hospital increases by age (P < 0.0001), but no statistical 
Figure 1
Estimated survival in male subjects, aged 60. significant difference in hospitalization by gender. The rate was significantly higher for obese (P = 0.0024) and significantly lower for overweight subjects (P = 0.0026), as compared to normal subjects. Unfortunately, the predictive power of the equation is rather modest, adjusted R 2 about 0.9%. In this study, however, we are not seeking to predict the individual variation in number of days in hospital, but rather the difference between groups of individuals. Our model clearly shows that there are differences in the number of days in hospital between groups of individuals with different BMI values, hence, we will use this model to answer the questions that we have posed for this study. Figure 3 shows predicted number of days in hospital using Equation 4 in 60-year-old male subjects in each BMI group.
Expected Incremental Costs of Hospitalization and Indirect Cost Due to Loss of Production over 15 years
Using the results from Equations 2-4 we can now estimate Equation 1. The result is presented in Table 5 . In this table we report the expected numbers of days in hospital for age cohorts 30-60, accumulated over 15 years along with the incremental cost of hospitalization as compared to normal weight subjects. A graphical presentation of the expected number of days in hospital for male subjects of different BMI groups is given in Figure 4 .
The curves in Figure 4 are generated as the product of the predicted probability of survival, the predicted probability of hospitalization, and the predicted number of days in hospital. Note that the curve for overweight lies above the curves for normal weight, whereas in Figure 3 the curve for overweight lies below the curves for normal weight. The reason why the curve for overweight shifts its position in Figure 4 is that overweight patients have a higher probability of hospitalization.
The mean number of days in hospital of normal weight patients and overweight patients are, however, very similar, while obese patients have more days than normal weight. In Table 5 one may also note that the number of days in hospital increases by age in all BMI groups.
Estimates of the indirect costs due to loss of production are reported in Table 6 . Overweight and normal weight are very similar, while obese has greater loss. The indirect cost of lost production Figure 3 Predicted number of days in hospital in male subjects, aged 60. 
Projecting the Costs onto the Swedish Population
Sweden has a population of some 3.7 million persons in the ages 30-60, and we use the cost estimates presented above to project onto this population and report the results in Table 7 . The average annual hospital costs accumulated over 15 years is estimated to 2.1 billion SEK and practically all costs (97%) can be attributed to obese patients. Table 7 also reveals a marked gender differences in costs. The average annual hospital costs for male patients are estimated to 1.36 billion (63% of total) and 0.81 billion (37% of total) for female patients. In Table 7 we also report our estimate of indirect costs due to death before retirement age. Total indirect costs are higher than total hospital costs. The average annual indirect cost is estimated to 2.9 billion, which is 38% higher than our estimate of the annual costs of hospital treatment for obese and overweight patients.
Discussion
In this study we have sought to provide answers to two questions. First we raised the question if hospital treatment costs for obese and overweight are higher than for normal weight subjects. To this question we can say yes. In our statistical analysis, we found the mean expected number of days in hospitals to be significantly higher for obese and overweight patients than for normal weight patients, cf., Table 5 . This difference in number of days of care in hospital we have calculated in Table 7 translates into an aggregate cost for the Swedish health-care budget of some 2.1 billion SEK per annum. This figure we may now compare to another recently produced study on the problems and costs of obesity in Sweden. The Swedish Coun- Table 6 Mean (expected) lost years of production in normal weight, overweight, and obese subjects, and excess years and costs of excess years of lost production for overweight and obese subjects as compared to normal weight (mean and 95% confidence intervals), by gender and selected age, over 15 years cil on Technology Assessment of Health Care, 2003 (SBU) have reviewed the literature on the problem and costs of obesity treatment and from this review they assume that the cost of obesity is equal to 2% of the total health-care costs in Sweden [28] . This assumption, which is based on literature review of costs estimates of overweightness and obesity produced in other countries, yields total costs of 3 billion SEK for the year 2002. This is higher than our cost estimate in this study of 2.1 billion. The reason for this is that in our study we have only estimated the total costs of all hospital treatment and have not included the costs of outpatient treatments including costs of drugs. In the Swedish health-care system, around 60% of the direct health-care costs are for hospital care, which would imply that out of the 3 billion estimated by SBU 1.8 billion should be for hospital care and this is lower than our cost estimate of 2.1 billion. One explanation for this discrepancy between our estimate and the estimate provided by SBU is that in our study, we use panel date drawn from the population of Malmö city. Malmö is Sweden's third largest city and access and utilization of health care (hospital care) may not be fully representative for the country population. The discrepancy may also of course be due to differences in methodology. Our approach is a much more rigorous approach than the simple approach used by SBU. Nevertheless, our approach and the approach taken by SBU arrive at total costs estimates that are within reasonable margin comparability.
The second question we raised in this study was if there were any differences in survival for subjects with different BMI. To this question we can also say yes. Obese subjects were found to have a significantly lower probability of survival than normal weight subjects, cf., result Table 2 . These differences in survival we have calculated in Table 7 translate into an aggregate indirect cost of lost production due to early death for the Swedish society of some 2.9 billion SEK per annum. For this estimate we have made the same assumption about the prevalence as reported for direct costs. This is a weak assumption and therefore our result must be interpreted with great care. Nevertheless, we believe the result gives a rough estimate of the magnitude of the indirect costs involved for excess morbidity found for overweight and obese patients. Our estimate, however, is only part of total indirect costs. There are three major reasons that give rise to indirect costs: 1) indirect costs due to death before retirement; 2) indirect costs due to early retirement on account of morbidity; and 3) indirect costs due to short-term absence from work on account of an illness episode. We have only estimated the indirect costs due to death before retirement age. Unfortunately, our panel data set contains no information on early retirement on account of morbidity and the extent of absence of work on account of short-term illness episodes. In Sweden it is these two causes that give rise to most of the indirect costs. According to a COI report published by the National Board of Health and Social Welfare in Sweden, Socialstyrelsen (1996) , cost of early retirement and costs of short-term absence from work accounted for some 80% of total indirect costs in Sweden [29] . If we use this ratio on our estimated indirect cost of 2.9 billion SEK on account of death before retirement, we arrive at a total indirect costs for overweightness and obesity of some 14.5 billion SEK {= 2.9/(100%-80%)}.
The result in Table 5 shows the incremental costs per patient of obese and overweight subjects as compared to normal weight. This incremental cost constitutes the potential costs savings that could be gained by any therapy that could convert obese and overweight subjects to normal weight subjects. Against this cost saving, however, we must deduct the cost of the therapy, which is likely to be equally as high if not higher, so the potential for any net hospital costs saving to be gained seems to be rather limited. The indirect costs are substantially higher than hospital costs so there seems to be a good potential to make savings in indirect costs with a therapy that could convert obese and overweight subjects to normal weight subjects. Nevertheless, to avoid the excess health-care cost of obesity, a primary strategy of prevention in children and young adults based on lifestyle is the most important meas- Indirect cost measures loss of production due to early death. Costs are discounted using a 3% discount rate.
ure to undertake. Besides that, new drug treatment modalities should be developed for cost-effective treatment of adult obesity with a favorable longterm effectiveness and safety profile. A major limitation of our study is that we have not been able to control for differences in diseases among the screened population. Nor did we in this study exclude subjects who reported that they smoked cigarettes or had a history of cancer. Because cancer is associated with both low and high BMI and high medical costs, it might therefore be a confounding factor to our estimation of costs. Smoking is primarily associated with low BMI and is therefore another important confounding factor in our analysis. Excluding individuals with other confounding factors, for example subjects with preexisting coronary heart disease, stroke, and type 2 diabetes, would have resulted in a reduction of the study subpopulation characterized by metabolic effects of obesity.
Another limitation of our study is that we have been unable to control for differences in socioeconomic status (SES) of the screened population. Unfortunately, the data set that we have used in this study contains insufficient data to lend itself to analyze the link between SES and obesity. One study on the link between SES and obesity concludes that the causality can run in both directions from low SES to obesity or from obesity to SES [30] . The conclusion made in this study was therefore that the question on causality was too complex to lend it self to the conclusion that obesity was a contributing factor for low SES. There are other common variables that link obesity and low SES.
Most studies investigating the relationship between health-care costs and BMI are based on the prevalence approach and provide only a point estimate of excess costs for one single year. Such studies are, however, of limited value for assessing the value of intervention programs. For evaluation of intervention programs cohort studies, following patients over long periods and estimating the present value of potential cost savings, are more relevant. To our knowledge, our study is the first to show a statistical significant relationship between BMI and longitudinal inpatient care costs. Other cohort studies have established relationship between drug therapy costs and outpatient care costs but failed in this respect for inpatient care costs [17, 19] . Nevertheless, the previous study was based on a data set of 1286 subjects, selected from 7021 adults participating in a health survey, followed over a period of 9 years. Our estimates were derived from a larger data set, in which 33,332 subjects, selected from a screening project involving 33,346 individuals, were followed over 15 years.
In conclusion, we have found that obesity both entails a considerable health hazard and consequently gives rise to substantial hospital costs and indirect costs due to early death. In particular we have found that inpatient care costs are higher for overweight and obese patients indicating potential cost offsets especially for indirect costs by an effective and safe weight loss intervention.
